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ABSTRACT 
The fitting of Rigid Gas Permeable <RGP> contact lenses is a process that is 
not complete without a final "lens on• evaluation of overall fit. For a great 
majority of practitioners, this evaluation involves observing fluorescein pooling 
patterns underneath the contact lens using cobalt blue light. To gain confidence 
in correctly interpreting these patterns, a great many lens fitting patterns need 
to be seen. 
We feel that there is a great need for a simple yet thorough compilation of 
fluorescein pattern photographs that can be used as a teaching supplement both in 
classroom and clinic to show how changing lens parameters <diameter and radius of 
curvature) are expected to affect lens fit. The goal of this project is to 
produce a photographic atlas which makes available in one resource, photographs 
that represent the type and variety of fluorescein patterns that can be expected 
as lens parameters are systematically changed on a variety of subjects. 
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THE USE OF FLUORESCEIN PATTERNS AS A GUIDE IN FITTING 
RIGID GAS PERMEABLE CONTACT LENSES 
INTRODUCTION 
This guide is intended to 
increase the diagnostic value of the 
fluorescein evaluation in custom 
designed RGP fitting. We feel it is 
especially timely for several reasons. 
The soft contact lens boom of the 80's 
and 90's has lured many practitioners 
and students from the technically more 
difficult to fit RGP lenses. Since 
they lack the background science of 
RGP fitting, these practitioners tend 
to fit RGP lenses on a hit or miss 
basis, the way soft l ens fitting has 
been practiced. Many patients are not 
able to be fitted successfully without 
significant design modifications 
either at the time of ordering the 
lenses or by modifying the patient's 
current lenses. A practitioner's 
inability or unwillingness to vary 
from the parameters in his diagnostic 
lens set accounts for a great many RGP 
failures.! In addition, many new RGP 
materials have unique characteristics 
which require design modification on a 
per patient basis and may only be read 
from the fluorescein evaluation. It 
is important that the practitioner 
understand that neither the design nor 
the material alone can assure a 
physiologically sound fit.2,3 New 
lens modalities often require very 
different fitting requirements in 
order to realize both visual and 
physiological goals. Aspheric back 
surface lenses, extended wear and 
bifocal RGP lenses all are fitted 
quite differently from spherical daily 
wear lenses. Even within the daily 
wear spherical RGP modality several 
philosophies abound, the tenets of 
which are in large part only 
discernible by the fluorescein 
evaluation. 
The use of fluorescein as a 
diagnostic tool dates back to at least 
1938 when Obrig accidentally 
discovered its ability to stain the 
usually invisible tear layer and 
reveal its relative thickness under a 
scleral lens.4 Its present day 
diagnostic value is no less important, 
even in light of computerized design 
systems being developed to create a 
lens that meets your own fitting 
philosophy based entirely on physical 
measurements of the corneal 
topography.S Such innovations may 
eventually make the art of contact 
lens fitting a repeatable science 
enabling even inexperienced fitters to 
become "experts." But fluorescein 
evaluation can also be extremely 
accurate. With trained observers the 
level of accuracy is easily 0.005 mm 
CS microns) for estimation of central 
tear layer thickness and probably at 
least that good elsewhere under any 
given area of a lens.6 It is doubtful 
that a lens can be designed to fit any 
better than what could be done with a 
trained eye making necessary 
parameter/design changes based on a 
critical evaluation of the fluorescein 
pattern. 
Casual evaluation of the 
fluorescein pattern may seem 
sufficient to obtain an acceptable fit 
for the average contact lens wearer. 
However, the ability to interpret some 
of the more subtle aspects of 
fluorescein pattern evaluations 
becomes expecially important with 
difficult to fit eyes such as those 
with keratoconus, distorted or 
otherwise irregular corneas secondary 
to trauma or surgical procedures, or 
those with high levels of toricity. 
Reading a fluorescein pattern is 
only one part, though a critical one, 
of RGP fitting, however. Determining 
the best diameter, material, oxygen 
permeability <Dkl, thickness and edge 
profile are also critical to lens 
wear1ng success. These parameters 
will be covered only insofar as they 
relate to interpretation of the 
fluorescein pattern. The reader is 
referred to other excellent sources 
for a further discussion of these and 
other factors influencing successful 
lens fitting and wear.7,8 
Sodium Fluorescein 
Sodium Fluorescein USP is a 
yellow acid dye. When dry it is a 
yellow-red crystalline powder, 376 
molecular weight, usually employed as 
a salt of sodium <NazCzoH12o5 J.9,10 
At 15°C it has a 50% solubility ratio 
in water and when applied to the 
intact eye does not penetrate the 
epithelium nor form a firm bond with 
any vital tissue. It is commonly seen 
at the orifice of the meibomian glands 
suggesting some lipid solubility as 
well. Filter paper strips impregnated 
with fluorescein are usually used 
since fluorescein solutions are highly 
susceptible to bacterial 
contamination, especially from 
Pseudomonas aeruginosa. Fluorescein 
absorbs light from the blue and near 
UV end of the spectrum and under the 
right conditions can convert nearly 
100% of absorbed energy into 
fluorescent light with a peak emission 
at 520 nm in the visible spectrum. 
[See Figure 1] 
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Several factors influence its 
fluorescent activity, the pH of the 
solution, its concentration within the 
solution, the presence of other 
substances, and the wavelengths and 
intensity of the excitation source 
being some of the more important ones. 
The pH at physiologic conditions 
<7.3-7.7)11 allows nearly a max1mum 
fluorescent effect. Higher or lower 
pH's dampen the fluorescence. At pH 6 
there exists only 50% the fluorescence 
at pH 7. A step that could ensure 
appropriate pH would be to wet the 
fluorescein strip with only buffered 
saline.4 The greater the number of 
fluorescein molecules excited the 
greater the fluorescence. Therefore, 
in a given concentration the greater 
the depth of the solution (amount of 
fluorescein) the greater the intensity 
of fluorescence up to a certain 
maximum, above which no change is 
noted. As the layer thins, a point is 
reached where fluorescence is no 
longer visible. [See Figure 2a & 2b] 
Both of these limitations can affect 
contact lens evaluation since these 
thicknesses are encountered within 
normally occurring tear layers under 
various portions of the lens. 
The number of molecules is also 
affected by the concentration in a 
solution. Highly concentrated 
solutions are relatively useless since 
saturation is reached at a thinner 
depth. Tearing will gradually dilute 
the concentration in such cases. It 
is usually best, however, to use as 
little as possible to get the most 
information from the fluorescein 
evaluation. 
The presence of other molecules, 
such as anesthetics, decreases the 
fluorescence of fluorescein. Since 
the quenching effect of these, or 
other, molecules is also concentration 
related, it is expected that 0.5% 
proparacaine would dampen the 
fluorescence less than its 1.0% 
solution.9 Proparacaine probably has 
less of an effect than does benoxinate 
given equal concentrations of 
each.12,13 The quenching effect is 
mentioned due to the use of an 
anesthetic by some practitioners in 
contact lens fitting. This is done in 
the belief that chair time can be 
reduced by decreasing the patient's 
initial discomfort sensations. 
Figure 2a: Fluorescein Wedge 
From left to right fluorescein wedge 
with low concentration, medium 
concentration, and high concentration 
with uniform thickness. 
Figure 2b: Fluorescein Wedge 
Wedge thickness 0.559 mm 
The Burton lamp and biomicroscope 
are the two most common sources used 
to illuminate and view the fluorescein 
pattern. The Burton lamp is a hand 
held ultraviolet fluorescent lamp 
which emits energy from 305-410 nm but 
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that has a peak emission at 360 nm. A 
generally satisfactory overall view 
can be achieved with its particular 
advantage being a simultaneous 
comparison of both eyes. It has the 
disadvantages of only a single 
magnification, limited use with UV 
absorbing contact lenses and a 
relatively poor ability to 
sufficiently excite fluorescein in 
thin or dilute tear layers. 
The biomicroscope with a 
cobalt-blue filter emits energy in a 
wider spectrum, generally from 300-500 
nm. Variability exists between makes 
and models as to their ability to 
cause fluorescence of the dye. One 
study has suggested the use of a #478 
CKodak Wratten) blue filter in 
addition to the cobalt-blue filter to 
Rtune" the excitation energy thereby 
eliminating useless energy from the 
picture.14 Those authors noted only 
minor improvements with Zeiss and 
Haag-Streit 900 instruments while good 
improvement was achieved for the 
Marco, Topcon and Nikon FS-2 slit 
lamps. In addition, the use of a 
yellow filter (Kodak Wratten 112 or 
Tiffen 12 Yellow> enhances the view of 
the resultant pattern. [See Figure 3a 
& 3bl The improvement is readily 
visible and is used for the 
fluorescein photographs herein. A 
cobalt blue in combination with a 
yellow filter maximize the 
fluorescence by narrowing the 
excitation spectrum to 470-490 nm and 
the emission wavelength to 520 nm. It 
is surprising that slit lamp 
manufacturers have not incorporated 
the yellow filter yet into the 
standard auxiliary filters. 
Differences also exist as to the 
intensity of blue light emitted, in 
some cases being insufficient to 
produce good fluorescence and are 
therefore unusable for contact lens 
fitting. 
Figure 3a: With Wratten 112 Filter 
Figure 3b: Without Wratten #12 Filter 
Description of the Human Cornea 
Corneal contour 
The shape of the human cornea has 
been described as aspheric and 
complicated, having differences in 
asphericity in different meridians and 
complicated further by toricity and a 
decentered apex. Usually there is 
increased flattening toward the 
periphery but this is not always the 
case. Complex mathematical models 
have been described, but clinically a 
suitable description can be obtained 
by comparing the corneal contour to 
the simplified concept of conic 
4 
sections. 
formulae to 
This reduces all the 
one which has only two 
apical radius and 
Using this model, a 
of the central corneal 
approximated by an 
The peripheral cornea 
flattens approximating a 
variables, 
eccentricity. 
cross section 
contour is 
ellipse.15 
gradually 
hyperbola. 
The standard keratometer makes an 
estimate at an area 2.9-3.5 mm wide, 
surrounding the line of sight.16 The 
apical radius as estimated with the 
keratometer is slightly flatter than 
what the cornea actually is, due in 
part to the cornea's elliptical shape 
and its decentered apex.17,18 The 
average apical radius, measured with a 
standard keratometer, is about 
7.80-7.85 mm with a normal range 
between 7.20 and 8.70 mm.7 Peripheral 
corneal measurements can be obtained 
by providing a series of fixation 
targets in various directions of gaze 
and taking measurements all over the 
cornea. At present, the standard 
keratometer findings of the periphery 
are flawed and have little 
quantitative use, partly because the 
keratometer was designed to take 
spherical measurements based on the 
assumption that the cornea had a 
spherical cap of from 3 to 7 mm. It 
is now known that most corneas do not 
have a spherical cap. The degree of 
error in peripheral measurements 
increases with increasing asphericity 
(ie., in the periphery). Other 
instruments have been developed to 
measure the peripheral topography and 
will be discussed shortly. 
Eccentricity is the degree to 
which the corneal curvature varies 
from the shape of a circle. There are 
several ways to specify eccentricity. 
Among them are the e-value, p-value, 
and shape factor. The reported 
average e-value is 0.45 (0.55 also 
appears in the literature).7,19 A 
circle has an e-value of zero, a 
parabola has an e-value equal to 1, an 
ellipse between zero and 1, and a 
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Inter- Cornea Equivalent 
relationship Circle Ellipse Ave. e-value 
e-value e 0 0-1 .45 .45 
p-value 1-e2 1 1-0 .80 .45 
Humphrey 
Shape factor e2 0 0-1 .16 .40 
Table 1: Eccentricity Factor 
hyperbola greater than 1. Basically, 
the higher the (non-negative) number 
the greater the degree of peripheral 
flattening when compared to a circle. 
(See Table 11 
An average cornea may be 
described as having an apical radius 
of 7.85 mm with an eccentricity 
<e-value) of 0.45. Another eye may be 
described as 7.85 mm apical radius 
with 0.60 as its eccentricity. These 
eyes both have the same apical radius 
but would require different contact 
lenses based on the differences in the 
degree of peripheral flattening. The 
theoretical sagittal depth for a given 
chord diameter is less for the eye 
with the higher eccentricity. This 
will be covered more extensively 
later. 
A common instrument for 
estimating corneal topography is the 
Placido disk. Invented in 1847 by 
Henry Goode and further developed by 
Antonio Placido, it is a satisfactory 
method of qualitatively observing 
corneal abnormalities such as warpage 
from pterygia, surgery, or as a means 
to rule out high corneal astigmatism 
in small children. 
Another instrument which has been 
used to estimate the corneal shape is 
the photokeratoscope which employs 9 
to 12 rings which are projected onto 
the cornea and photographed. This 
instrument was developed by Antonio 
Placido and subsequently popularized 
by Dr. Gullstrand. A relatively 
modern example is the Wesley Jessen 
PEK. [See Figure 41 The Polaroid 
Figure 4: PEK with comparator 
photos taken are placed in a 
comparator for interpretation. 
Dioptric power is read from the 
photograph based on the amount of 
magnification required to match each 
ring to a standard ring on the screen 
of the comparator. These devices have 
the advantage that all meridians can 
be interpreted. An estimated 55% of 
the corneal surface is covered as 
compared to 8% covered by the 
keratometer. But these devices too 
have their shortcomings. One of which 
is the difficulty in focusing the 
apical as well as the peripheral rings 
simultaneously, since some devices 
were designed to measure spherical 
surfaces. Other models have aspheric 
targets but since the eccentricity 
varies from patient to patient it too 
is subject to blurry images in some 
patients. Another shortcoming is that 
once the photo is taken it must be 
analyzed to get information from it. 
Each point must be analyzed 
separately. The manual for 
interpreting them is lengthy, though 
there are articles in the literature 
which may simplify things somewhat.20 
More recently a device to measure 
corneal contour is marketed by 
Computed Anatomy, Inc. of New York. 
The instrument, Corneal Modeling 
System employs a 32-ring cylindrical 
photokeratoscope, a scanning laser, a 
universal pachymeter and a 
computer.21,22 The findings are 
displayed on the computer screen in 
near real time and can be formatted in 
mathematical, topographical or 
cut-away form. This device is 
expected to be most useful in corneal 
surgical and cataract post surgical 
settings but is ideal for assessing 
difficult to fit eyes, for studying 
the long term effects of various 
fitting philosophies, and for 
following degenerative corneal 
diseases. They are currently used in 
hospitals, large surgical centers, and 
university settings. At present they 
are cost prohibitive (S29,000-
S75,000l but smaller models are 
becoming available. The EyeSys 
Corneal Analysis System has recently 
also entered the marketplace and 
surely other companies will introduce 
their own models. 
There are other methods and 
devices historically or presently used 
to measure or estimate the corneal 
curvature. All these devices have 
some theoretical flaws and most are 
costly and time consuming to use. 
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The contact lens practitioner has 
an accurate and useful method 
available for the detailed study of 
the cornea which in most cases has not 
been fully exploited. That is to use 
the fluorescein evaluation with a 
rigid gas permeable contact lens of 
known parameters and comparing the 
cornea's shape to it. This is the 
method of choice for the vast majority 
who have no access to the expensive 
computer driven devices on the market 
today. One study has shown that 
trained doctors were able to estimate 
the apical tear layer thickness under 
any given RGP lens very accurately as 
measured against the estimates of a 
keratoscope and computer calculations. 
For these doctors 7 microns was the 
maximum error they misjudged the tear 
layer thickness when compared to their 
theoretical model.23 Precision can be 
very good as long as certain 
assumptions are met. First, the 
parameters of the lens used must be 
known so that judgments can be made 
based on their relationship to the 
cornea. If the peripheral cornea 
needs to be analyzed a large enough 
lens must be used. Also, the lens 
parameters must not change on the eye, 
or if they do they change by a known 
amount. The most likely parameter to 
change is the shape of the back 
surface due to lens flexure. 
Keratometry over the front of the lens 
should be sufficient to rule it out. 
One must also assume that the lens, or 
a finger used to center it, does not 
change the corneal contour 
appreciably. Careful observation may 
reveal the relative corneal 
eccentricity compared to the known 
back surface of the lens in any 
meridian, the magnitude and axis of 
astigmatism, and corneal irregularity 
due to surgeries, pterygia or other 
reasons. 
The corneal contour has been 
considered constant in the discussion 
up until this point. And this is 
probably true so far as its 
asphericity is concerned. But other 
parameters appear to be in constant 
flux. For example, the radius of 
curvature of the cornea is known to 
steepen throughout the day.24 It is 
also reported that in women, the 
cornea steepens at both meridians at 
the beginning of the menstrual cycle, 
and flattens after ovulation.25 The 
vertical meridian tended to show less 
stability than did the horizontal 
meridian indicating a slight change in 
the degree of toricity. In the case 
of the six women studied, an average 
maximum change of 0.06 mm in apical 
radius was found in each meridian. It 
appears however, that in the short 
term the cornea is quite stable and 
repeatable findings should be the norm 
unless outside influences disrupt the 
cornea . 
Methods of Contact Lens Fitting 
There are two major methods for 
fitting contact lenses. The first is 
based on taking physical measurements 
and ordering lenses based solely on 
those findings. The minimum amount of 
information needed by the lab is the 
refraction and keratometer findings. 
Chances for success increase with each 
parameter added. Some labs use 
programmable calculators or computers 
and enter a number of other findings. 
Some of which include: palpebral 
aperture size, visible iris diameter, 
pupil size, corneal eccentricity or 
shape factor, whether you want an 
aspheric or spherical lens, and how 
much center clearance and edge lift 
you want. One can enter a fitting 
philosophy into the computer so that 
it will design a lens that meets your 
design requirements every time. Time 
could be saved since there is no 
initial diagnostic fitting and no need 
to inventory and care for large sets 
of diagnostic lenses. As a contact 
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lens practitioner you may even have 
the program on your office computer 
where you can decide whether a 
lenticular will be needed, whether the 
Dk of the material is going to be 
adequate for the center thickness you 
programmed in (based on Dk/L or on 
equivalent oxygen percentage), or 
whether any parameter change will 
benefit the design before money starts 
filtering out of your hands because of 
costly remakes. There are several 
computer and calculator programs in 
the marketplace that do these and 
similar calculations.26 These 
programs and services are used by some 
practitioners routinely but are most 
commonly used with more difficult 
fits, such as for a bitoric lens. 
This is probably due to the lack of 
training in the area of specialty 
lenses and the economics of 
maintaining specialty fitting sets. 
Those who order lenses empirically 
must be prepared to make modifications 
in the lens periphery to provide a 
physiologically sound fit, even if the 
apical fitting philosophy is met. 
The second method for fitting 
contacts lenses involves some or all 
of the above with the difference being 
that a lens is placed on the eye as 
part of the diagnostic evaluation. 
Lens of first choice determinations 
are usually based on a few standard 
parameters with the final lens ordered 
reflecting the influence of all 
factors on the lens performance. A 
simplified method is included in most 
contact lens manufacturer's fitting 
and information guides. GT 
Laboratories (makers of Fluorex 
lenses> recommends selecting the 
overall diameter <OAD> based mostly on 
the keratometer findings (and to a 
lesser extent on the power of the 
lens, the aperture size and the pupil 
size). They recommend that base curve 
selection is based on determining a 
lens which parallels the flattest 
keratometer finding, steepened 
somewhat with a cornea exhibiting 
toricity. The lens is placed on the 
eye and allowed to equilibrate. Next, 
they recommend an analysis of the 
blink induced lens movement and 
position of the lens chosen.27 The 
FluoroPerm Fitting Information 
pamphlet in addition adds 
recommendations for the 
overrefraction, selection of the optic 
zone diameter <OZD), peripheral 
curves, center thickness and 
suggestions for the fluorescein 
pattern evaluation. They state that 
the rules of thumb do not always work 
and give a guide to help solve contact 
lens problems.28 Experience is 
obviously the best teacher as to which 
parameters are most and least 
important and the effects of modifying 
or reordering lenses on the fit. 
One of the major advantages of 
the diagnostic lens method of contact 
lens fitting is to be able to gauge 
the patient's ability to adapt based 
on their initial response. Residual 
astigmatism, flexure, visual acuity, 
lens power and lens centration are 
among the other factors which can only 
be evaluated fully with a lens in 
place. It has also been shown that 
patients are more likely to follow 
through and order lenses sooner, have 
more confidence in their doctor's 
judgement and increase seriousness 
about compliance if a diagnostic 
fitting visit was used.29 
THE FLUORESCEIN EVALUATION 
Some may argue that fluorescein 
pattern analysis is voodoo. This 
school of thought was more evident 
during the sixties when PMMA lenses 
were exclusively used. It has been 
shown that PMMA lenses cause 2-8% 
corneal edema within a short time 
after a new fit in as many as 85% of 
patients.S The fluorescein pattern 
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could have shown apical alignmen~ 
during the fitting and dispensing 
visits but three hours later there 
could be heavy central bearing due to 
central corneal clouding (edema). 
With today's oxygen permeable 
materials, the probability of lens 
induced edema is reduced. This has 
been of great benefit in alleviating 
some of the frustrations in 
fluorescein pattern evaluation 
previously experienced with PMMA 
lenses. Today, most agree that 
fluorescein pattern evaluat~on is an 
integral part of fitting RGP contact 
lenses. 
The appearance of the fluorescent 
tear layer under a contact lens is 
commonly referred to as the 
"fluorescein pattern.• The 
fluorescein pattern is usually viewed 
frontally. The frontally viewed 
pattern is a 2-dimensional 
representation of a complex 3-
dimensional shape. the 3rd dimension 
<depth> is implicated by the intensity 
and color of the fluorescent dye. 
Areas where the contact lens is 
touching or nearly touching the cornea 
appears dark, representing a thin or 
nearly absent tear layer under the 
lens. Areas where the fluorescein is 
visible represent areas of clearance 
between the lens and the cornea. The 
tears usually fill these areas of 
clearance, unless they become 
excessive and air bubble formation 
develops under the lens. 
Fluorescein patterns are usually 
evaluated with the contact lens in a 
centered position. If the lens does 
not center by itself, it may be nudged 
into position by manipulating the 
patient's lids. The fluorescein 
pattern may look very different when 
comparing the lens in a centered 
position to when it is moving freely. 
These variations have prompted the 
terms "static pattern" and "dynamic 
pattern" referring respectively to 
when the lens is centered or when it 
is allowed to move freely.7 
The fluorescein pattern is 
divided into three zones: central or 
optic zone, midperiphery, and 
periphery. Each zone will be 
discussed separately in the following 
sections as it relates to fitting 
spherical lenses on non-toric and 
toric corneas. Then a discussion will 
follow reviewing the use of back 
surface toric and back surface 
aspheric lenses. We conclude with a 
brief discussion of extended wear. 
Techniques 
After the lens has been placed on 
the eye, it should be initially 
evaluated with respect to position and 
movement. Ideally, the lens position 
should be observed while the eye is in 
a relaxed and unirritated state. This 
may require some time especially with 
new lens wearers. This time is well 
worthwhile in order to avoid 
misinterpretation of lens fit due to 
excess tearing. 
Next, the fluorescein strip 
should be moistened with saline 
solution taking care that the end of 
the bottle does not contact the 
fluorescein strip. The fluorescein is 
introduced to the eye by having the 
patient gaze either up or down 
(depending on practitioner preference) 
and lightly touching the wet 
fluorescein strip to the sclera. With 
an apprehensive patient it may be 
easier to have the patient look up and 
place the fluorescein strip in the 
lower fornix.7 The key is not to 
flood the eye with fluorescein. As 
has been previously discussed, the 
brightness of the fluorescein is a 
function of the thickness and the 
fluorescein concentration. Too much 
fluorescein may give the appearance of 
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more clearance between the lens and 
cornea than actually exists. In 
addition, excessive fluorescein may 
accumulate on the front surface of the 
lens creating additional difficulties 
in pattern evaluation which will be 
discussed hereafter. A rule of thumb 
is to use a dot <not a drop> of 
fluorescein when touching the sclera 
with the wet fluorescein strip. 
Finally, the fluorescein pattern 
is observed using whichever 
fluorescent examination lamp the 
practitioner prefers. As discussed 
previously, the Burton lamp and 
biomicroscope are the two most common 
types. 
Spherical Corneas 
Optic Zone Pattern Evaluation 
The desired tear layer thickness 
<TLT> under the central portion of the 
lens has been reported as low as 8 
(0.008 mm> and as high as 25 microns 
<0.025 mm> and may vary even more 
depending on the fitting philosophy 
used. The median reported value is 15 
microns.15,19,30 At typically used 
fluorescein concentrations <0.025%> 15 
microns is the visibility threshold.4 
Therefore, the central area looks 
faintly green and may or may not vary 
out to the edge of the optic zone. 
Figure 5 shows a lens fitted so that 
the central TLT is approximately 
maintained to the edge of the OZ. 
This is a commonly used lens/cornea 
relationship currently. If there is a 
fluorescent area smaller than the 
optic zone surrounded by gradually 
less fluorescence, an apical clearance 
fit is achieved. This is the case in 
Figure 6. If an area of 
non-fluorescence occurs within the 
optic zone, an apical •touch• fit is 
present. This is the case in Figure 
7. It is important to realize that an 
aligned central pattern may appear 
Figure 5: Apical Alignment 
J 
t Clearcn:e 
''tcu::h'· 
Figure 6: Apical Clearance wl Midperipheral Bearing 
.'\ ··ta4· ClEarcn:e/ 
,,ro£. 
(sin::e lens 
da:a1tere:i & 
crnta:te::l 
flatter com=a) 
Figure 7: Apical Touch 
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uniformly black <non-fluorescent) or 
uniformly fluorescent. It is 
dependent upon the amount of 
fluorescein instilled and whether or 
not the concentration falls below 
threshold for that tear layer 
thickness. If in doubt, adjust the 
slit lamp to get a cross sectional 
view through the lens and compare its 
width to that of the post lens tear 
layer. If the center thickness of the 
lens is 0.12 mm <120 microns> then the 
posterior tear 
1/5 to 1/8 the 
Figure 81 
layer should be from 
lens' thickness. [See 
Figure 8: Lacrimal Line 
If even fluorescence is obtained 
over the entire optic zone <alignment) 
the sagittal depth of the contact has 
closely matched that of the cornea. 
Sagittal depth (sag> is defined as the 
depth or height of an arc measured 
along an imaginary line which bisects 
the arc and which is perpendicular to 
a reference chord. [See Figure 9a & 
9bJ If a lens has a thick central 
tear layer with heavy bearing at the 
edge of the optic zone, the sagittal 
depth of the lens should be reduced to 
obtain an aligned fit. This is 
accomplished by flattening 
(increasing> the base curve radius 
<BC) while holding the OZD constant, 
or by decreasing the OZD (often with a 
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smaller diameter lens altogether> 
while holding the BC constant. It is 
reported that with an 8.00 mm OZD, a 
0.05 mm (0.25 D> increase in BC 
reduces the sagittal depth and central 
tear layer thickness by 0.008 mm (8 
microns) for the average cornea.19 
Figure 9a: With 
held constant, 
increased, sagittal 
increases. 
radius of curvature 
as diameter is 
depth (S.D.) also 
Figure 9b: With diameter held 
constant, as radius of curvature is 
decreased, sagittal depth (S.D.) also 
increases. 
If an apical alignment pattern 
has been achieved and a larger OZD is 
desired, increase the BC by 0.03 mml9 
<or about 0.25 0)31 for each 0.5 mm 
increase in OZD and the same central 
fit should be approximately 
maintained. Said another way, to 
maintain the same sagittal depth each 
0.5 mm increase in OZ must be 
accompanied by a concomitant increase 
in BC of 0.03 mm. For many 
experienced practitioners, a 0.03 mm 
BC change <5 micron TLT> is easily 
discernable based on the fluorescein 
evaluation.6 
Had corneas been designed 
large spherical cap the 
with a 
job of 
aligning the central cornea would be 
merely matching the flattest 
keratometer finding <K) to any lens. 
Both would automatically have the same 
sagittal depths. As it turns out the 
cornea is aspheric and has an average 
eccentricity of from 0.45-0.55, which 
means the cornea flattens as you move 
away from the apex. To achieve a 
generally aligned fit over the entire 
optic zone with a spherical lens may 
not always be possible. A cornea with 
eccentricity (e-value) 0.7 would 
require a lens with a 0.15 mm flatter 
BC than a cornea with eccentricity of 
0.4 to maintain approximately equal 
central tear layer thicknesses.19 
Here is where a practitioner can gain 
a lot of information about peripheral 
corneal topography based on the 
fluorescein pattern analysis. 
Certainly, enough information can be 
gained to select a desired spherical 
base curve without computerized 
corneal topography measurements. 
For the average non-toric cornea 
a base curve matching the flattest 
keratometer finding <K> would be a 
good approximation for a moderate OZD 
lens of about 7.70 mm (approx. 9.2 
OAD> resulting in an aligned fit. 
Using the BC to OZD conversion ratio 
given earlier an 8.00 mm OZD lens (9.6 
OAD> should be selected which is 0.03 
mm, or 0.25 D, flatter thanK. A 7.20 
mm OZD lens would be expected to be 
about 0.25 D steeper that K. 7 These 
approximations are good for initial 
selection of diagnostic lenses. 
Most practitioners do not fit all 
patients with a single fitting 
philosophy. Currently, most 
practitioners fit most patients with 
apically aligned fits but there are 
times when a flatter or steeper fit 
may result in better centration, 
visual acuity, comfort or physiology. 
When a lens is fitted so that the 
TLT is below 15-25 microns (for 
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example with a flat fitting lens), the 
chance for lens binding statistically 
increases in daily wear and more 
especially with overnight wear.32 
Most binding studies are conducted on 
extended wear patients so their 
findings may not be totally applicable 
to a daily wear RGP discussion. It is 
probably still wise to maintain at 
least 15-20 microns central TLT in 
patients prone to binding, since 
patients occasionally will sleep in 
their lenses even when instructed not 
to. Extended wear will be covered 
later. 
The human lens is known to 
fluoresce with wavelengths similar to 
the excitation wavelengths used in 
fluorescein evaluation. [See Figure 
10] A thicker tear layer may be 
erroneously estimated based on this 
phenomenon if not guarded against. 
Another source of error in pattern 
evaluation is that excessive 
fluorescein on the front surface of 
the lens may obscure or combine 
additively with the post lens tear 
layer producing a confusing pattern. 
[See Figure 11] In addition, lenses 
with UV inhibiting materials 
incorporated into the matrix may show 
a deceivingly thin TLT if 
inappropriate equipment is used.31 
Excitation sources based heavily on UV 
energy <eg. Burton lamp) are most 
effected while most slit lamps show 
little effect. A Wratten #47B blue 
filter placed over the illuminating 
tubes of the Burton lamp and a Wratten 
#12 yellow filter over the 
magnification lens is quite useful in 
such situations. 
The overrefraction can be used to 
judge the accuracy of the fluorescein 
pattern evaluation. A lens fitted to 
achieve alignment over an 8.00 mm OZ 
will require a longer base curve than 
the central keratometer findings show 
due to peripheral flattening and is 
expected to add a small amount of 
Figure 10: Lens fluorescence 
Figure 11: Front surface fluorescein 
minus dioptric value to the 
overrefraction (perhaps 0.25 to 0.50 
diopters).33 Due to the shape of the 
tear lens, a lens fitted steeper than 
K will tend to form a plus shaped tear 
lens and add plus to the entire 
optical system. The amount of plus 
added depends on the BC compared to K 
value as well as a comparison of their 
eccentricity values. An 8.00 mm OZD 
lens will generally produce less minus 
than will a lens with a smaller OZD 
with the same base curve. 
Hidperipheral Pattern Evaluation 
The midperiphery 
intermediate curve(s) 
includes any 
<IC> anq their 
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junctions to surrounding curves. The 
lens is attracted to the cornea mostly 
due to fluid attraction <surface 
tension). It is typically the 
midperiphery that supports these 
forces against the cornea. It is 
currently considered desirable to have 
these forces borne uniformly and over 
as large an area as possible, 
beginning at the edge of the optic 
zone, continuing through the fitting 
curves and ending at the beginning of 
the peripheral curve. The area of 
bearing either lacks or has minimal 
fluorescence. A sharp transition 
indicates the bearing forces are 
concentrated heavily and light to 
moderate blending is indicated to help 
make the transition into the bearing 
area smooth. A smaller difference in 
radii between the two offending curves 
can minimize the effect also. By 
reducing the force at the blended 
junction, a better bearing 
relationship and the possibility for a 
better tear exchange system are 
expected. 
A bicurve has no intermediate 
curves and bears all the forces at the 
junction between the OZ and the PC. A 
tricurve has an intermediate curve and 
is usually designed to approximately 
parallel the cornea. Its radius 
should be specified at the time of 
ordering based on any desired changes 
over the known IC radius of the 
diagnostic lens. Again, the 
fluorescein pattern will reveal 
whether there is an adequate bearing 
relationship or not. This is 
especially crucial in difficult to fit 
eyes, such as found in keratoconus or 
following corneal surgery. In these 
cases extra curves may be specified 
which more closely parallel these 
corneas. Forces are generally placed 
on areas of normal cornea which can 
better support the entire lens. For 
the average patient the IC is 
generally specified at 0.2-0.4 mm wide 
but may reach 1.2 mm wide. The radius 
is usually sufficient if it is at 
least 1.0 and less than 2.0 mm flatter 
than the base curve. 
In spherical corneas, a "seal-
off" ca~ occur where the lens/cornea 
match is so consistent around 360° of 
the midperiphery that very little tear 
exchange occurs. These areas should 
be made so that they do not parallel 
the midperiphery so well by either 
flattening the ICR or specifying an 
ICR which is more physiological in a 
new lens. 
Peripheral Pattern Evaluation 
To ensure adequate tear exchange, 
decrease lens binding, avoid 
mechanical abrasion of the peripheral 
cornea and allow the lens to be 
removed easily, the last or peripheral 
curve is fitted flat compared to the 
corneal topography.7,34 Edge 
clearances of from 70 to 120 microns 
<SO microns being the most cited 
value) is reportedly sufficient for 
daily wear RGP lenses.4,15,19 The 
tears fill in this area which appears 
as a brightly fluorescent 
greenish-yellow band. Both the width 
and radius of the peripheral and 
intermediate curves affect the edge 
clearance. The effect can be 
specified in a number of ways. The 
terms axial edge lift <AEL> and radial 
edge lift <REL) are calculated 
descriptions based on the degree of 
flattening in the intermediate and 
peripheral curves and are independent 
of the eye. [See Figure 12J On 
average the on-eye edge clearance is 
15-30 microns less than the calculated 
AEL value but varies greatly with the 
peripheral topography. It is best to 
evaluate the periphery of the 
diagnostic lens and estimate needed 
changes. Better yet would be to have 
a diagnostic set with lenses of 
various edge lifts. Order the 
appropriate lens from the same lab 
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whic h designed the diagnostic lens 
since large differences can occur 
between labs even when each are given 
the same lens parameters . 
Lens 
HUZ 
~--+--T-L T-~-  
Corn ea -........._ ~ yt l 
: / \ :AE L 
I \ I 
I // \f 
! / / / ' 
I / 
1 / Project ion of 
1 / BO Z R ~,/ 
Figure 12: Peripheral curve design. 
The diagram shows the relationship 
between the peripheral curve of a lens 
and (a) the curve of the back optic 
zone, forming the edge lift and (bJ 
the cornea-the edge clearance (80ZR, 
back optic zone radius; BOZ, back 
optic zone; BPC, back peripheral 
curve; TLT, tear layer thickness; REC, 
radial edge clearance; AEC, axial edge 
clearance; REL, radial edge lift; AEL, 
axial edge lift) 
Too much edge clearance is said 
to be associated with an easily 
ejected lens, greater lid irritation 
with its accompanying adverse effects 
on blinking and with peripheral 
corneal desiccation. It appears as a 
very deep or wide (>0 . 3 mm) edge TLT 
that may form bubbles during a blink. 
The lens will follow the lid downward 
on the blink until the radius of the 
peripheral curve matches the cornea at 
which point a force is created which 
slows and stops the lens. An 
excessive edge clearance allows the 
lens to travel further down onto the 
soft conjunctiva leaving an arcuate 
dent which pools fluorescein. To 
reduce edge clearance based on the 
diagnostic lens parameters, order 
steeper peripheral <or intermediate> 
curve and or a smaller peripheral <or 
intermediate) curve width. If a 
patient's own lens has too great an 
edge clearance, reduce the diameter 
and reapply new peripheral curves with 
less clearance. 
If the edge clearance is 
inadequate, the lens may abrade the 
peripheral epithelium, causing 
discomfort and movement of the lens 
may be restricted along with 
stagnation of the tears behind the 
lens. This is only one example of a 
8 tight fit.•35 To increase the edge 
clearance of an ordered lens compared 
to a diagnostic lens, order a flatter 
or a wider peripheral curve. To 
increase edge clearance of the 
patient's own lens start by flattening 
the peripheral curve and if necessary 
widen it also. It is fairly simple to 
increase the clearance at a later time 
while more difficult to reduce it, so 
it is wisest to err on the side of 
inadequate clearance if unsure. 
Manipulation of the dimensions of the 
OZ may change the edge clearance. If 
the OZD is increased while the OAD 
remains constant, the area of bearing 
shifts to more peripheral cornea, the 
combined widths of the intermediate 
and peripheral curves decrease and 
consequently the edge lift is reduced. 
Even with high oxygen flux 
materials it is important to keep a 
fresh supply of tears flowing under 
the lens with each blink.2,7 Tear 
debris, metabolic byproduct removal as 
well as oxygen are thereby provided.3 
A lens design that does not exchange 
tears probably will be uncomfortable 
and cause some level of ocular 
compromise. The ability of a lens 
design to facilitate tear exchange is 
observable immediately after 
instillation of fluorescein. The 
patient is instructed to refrain from 
blinking momentarily. The fluorescein 
may be seen to surround the lens and 
enter the peripheral and intermediate 
curves but may not enter the optic 
zone until the first blink.35 After 
the blink the fluorescein should be 
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seen under the OZ of the lens. The 
efficiency of the lens design to 
exchange tears may be estimated by an 
adequate tear reservoir under the 
periphery, lack of midperipheral seal-
off, and adequate translation with the 
blink.36 
Peripheral corneal desiccation 
staining, or 3 and 9 o'clock staining, 
is the most common physiological 
problem that results from RGP wear. 
Three and 9 o'clock staining appears 
during the fluorescein evaluation as 
small punctate fluorescein staining 
areas outside the edge of the lens, 
generally slightly below the vertical 
center of the cornea. [See Figure 131 
These areas represent epithelial 
breakdown and can lead to serious 
sequelae in some instances.37 The 
likelihood of serious sequelae is 
related to the density of the stained 
area, especially if there are patches 
of coalesced staining and if the 
patient is wearing lenses on an 
extended wear basis. 
Figure 13: 3 and 9 o'clock staining 
There has been a lot of 
discussion comparing the peripheral 
desiccation as a result of RGP 
materials and designs with PMMA lenses 
and their designs. It appears that an 
RGP fitted with a •PMMA design• is 
prone to have greater staining than 
the PMMA material itself. Too great 
an edge clearance may be the culprit, 
and therefore reducing edge clearance 
is the treatment necessary. Other 
studies claim it is also a function of 
the inability of the lid to contact 
the area next to the lens (lid gap) 
and is therefore a total edge 
thickness question.l9 A well tapered 
edge may help in this instance. 
Inadequate blinking due to lid 
irritation from a poor edge design may 
make a cornea prone to staining. In 
this case a lid attached philosophy 
fit is considered best and is reported 
to reduce the peripheral 
staining.38,39 This also helps due to 
the fact that it generally raises an 
inferiorly positioning lens which is 
also prone to more staining. The same 
is considered true of a sluggish or 
bound lens. Increasing the movement 
is called for. Increasing or 
decreasing the OAD, while holding the 
OZD constant, has proven useful in 
some patients but can only be 
predicted with fluorescein. A 0.4 mm 
m1n1mum diameter change is necessary 
to affect the fit. 
It may be that despite all 
efforts 
persists. 
generally 
rarely lead 
outside the 
minimal staining still 
A few scattered spots are 
considered tolerable and 
to any consequences. Just 
edge of the lens, there 
Figure 14.1: OAD 9.5 BC 7.80 
( .12 D flat*) 
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will always be an area of thin tears, 
described by some as a black line,8,40 
which is most likely to fracture, 
causing drying, of any area of the 
cornea. Theoretically, it occurs at 
any edge design, since a thinner tear 
film <less than 125 microns) is the 
only requirement.41 
The following several pages of 
fluorescein patterns illustrate some 
of the relationships just presented 
for the spherical lens on the 
spherical to slightly toric cornea. 
When observing these patterns, keep in 
mind that a •steep• lens should show 
midperipheral bearing while a •flat• 
lens should exhibit horizontal 
decentration. 
Patient SH [figure 14 series] 
Eye OD 
K's 43.37/44.12 0 90 
Toricity 0.75 D WTR 
Radius 
of 
Flattest K 7.78 mm. 
• The notations "flat• & •steep• are 
referenced to the flattest K reading. 
Figure. 14.2: OAD 9.5 BC 7. 70 
( .37 D steep"' J 
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••••Patient SH <Cont.>•••• 
Figure 14.3: OAD 9.5 BC 7.90 
(.62 D flat) • Note flash reflex 
8 o'clock. 
Figure 14.4: OAD 9.5 BC 8.00 
(1.12 D flat) • Note tear prism wlo 
fluorescein possibly secondary to 
foreign body irritation. 
Figure 14.5: OAD 9.2 BC 7.75 
( .12 D steep) 
Figure 14.6: OAD 9.2 BC 7.85 
(.37 D flat) • Note flash reflex 6 
o'clock. 
Figure 14.7: OAD 9.2 BC 7.95 
(. 87 D flat) 
Figure 14.8: OAD 9.2 BC 7.55 
( 1. 37 D steep) 
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••••Patient SH <Cont.>•••• 
Fiqure 14.9: OAD 9.2 BC 7.60 
(1.00 D steep) 
Fiqure 14.10: OAD 8.8 BC 7.70 
(. 37 D steep) 
Fiqure 14.11: OAD 8.8 BC 7.80 
( .12 D flat) 
Fiqure 14.12: OAD 8.8 BC 7.90 
(.62 D flat) f Note increased stand 
off due to lid touch and finger 
Fiqure 14.13: OAD 8.8 BC 7.60 
(. 87 D steep) 
Fiqure 14.14: OAD 8.8 BC 7.50 
(1.62 D steep) 
Figure 15.1: OAD 8.8 BC 7.65 
(.25 D steep> 
Figure 15.2: OAD 8.8 BC 7.75 
(.25 D flat) 
Figure 15.3: OAD 8.8 BC 7.85 
(.75DflatJ 
Patient BU [Figure 15 series] 
Eye 00 
K's 43.75/44.25 {t 90 
Toricity 0.50 D WTR 
Radius 
of 
Flattest K 7. 71 mm. 
Figure 15.4: OAD 8.8 BC 7.55 
(1.00 D steep) 
Figure 15.5: OAD 8.8 BC 7.45 
<1.50 D steep) 
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••••Patient BU <Cont.>•••• 
Figure 15.6: OAD 9.2 BC 7.70 
(on KJ 
Figure 15.7: OAD 9.2 BC 7.85 
(.75 D flat) 
Figure 15.8: OAD 9.2 BC 7.90 
(1. 00 D flat) 
Figure 15.9: OAD 9.2 BC 7.60 
(. 67 D steep) 
Figure 15.10: OAD 9.2 BC 7.50 
(1.25 D steep) 
Figure 15.11: OAD 9.5 BC 7.75 
(. 25 D flat) 
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••••Patient BU CCont.>•••• 
Figure 15.12: OAD 9.5 BC 7.85 
(. 75 D flat) 
Figure 15.13: OAD 9.5 BC 7.95 
fl. 25 D flat) 
Figure 15.14: OAD 9.5 BC 7.65 
(. 37 D steep) 
Figure 15.15: OAD 9.5 BC 7.55 
(1.00 D steep) 
Figure 15.16: PEK OD 
Patient BU 
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Figure 16.1: OAD 9.2 BC 7.70 
(.25 D steep> f Note 6 and 9 o'clock 
flash reflex. 
Figure 16.2: OAD 9.2 BC 7.85 
(.50 D flat) f Note black line. 
Figure 16.3: OAD 9.2 BC 7.90 
(.75 D flat) 
Patient SRH [Figure 16 series] 
Eye OD 
K's 43.50/43.50 @ 90 
Toricity Spherical 
Radius 
of 
Flattest K 7.76 mm. 
Figure 16.4: OAD 9.2 BC 7.60 
(. 87 D steep) 
Figure 16.5: OAD 9.2 BC 7.50 
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(1.50 D steep) f Note inferior bulbar 
conjunctival staining. 
••••Patient SRH <Cont.>•••• 
Figure 16.6: OAD 8.8 BC 7.90 
(.75Dflat) 
Figure 16.7: OAD 8.8 BC 7.80 
( .25 D flat) 
Figure 16.8: OAD 8.8 BC 7.70 
(.25 D steep) 
Figure 16.9: OAD 8.8 BC 7.60 
(. 87 D steep) 
Figure 16.10: OAD 8.8 BC 7.50 
(1.50 D steep) 
Figure 16.11: OAD 9.5 BC 7.70 
(.25 D steep) 
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••••Patient SRH <Cont.>•••• 
Figure 16.12: OAD 9.5 BC 7.80 
(. 25 D flat> 
Figure 16.13: OAD 9.5 BC 7.90 
(. 75 D flat> 
Figure 16.14: OAD 9.5 BC 8.00 
(1.25 D flat> 
Figure 16.15: PEK OD 
Patient SRH 
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The Toric Cornea 
Spherical Lenses 
The fluorescein pattern of a 
spherical lens (for an on K or flat 
fitting relationship> placed on a 
toric cornea shows a thick tear layer 
in the steep meridian and a thin layer 
in the flat corneal meridian. The 
resultant pattern is an oblong or 
dumbbell shaped aligned area which 
parallels the flat meridian. This 
changes to a double D pattern showing 
vertical oval pooling with a steep 
fit. The smaller the zone of 
alignment the greater the corneal 
toricity. 
A spherical base curve cannot be 
selected which perfectly aligns all 
meridians. In a perfectly spherical 
cornea the aligned fit may actually 
inhibit tear flow since the optic zone 
is effectively sealed off from the 
periphery. A slightly toric <0.50 to 
0.75 0 WTRJ cornea allows greater tear 
exchange and is considered ideal from 
a physiological standpoint. 
In selecting a base curve, 
generally a compromise is made, such 
that for the flat corneal meridian a 
slightly smaller base curve radius 
<steep> is selected than would create 
an aligned fit on a spherical cornea. 
As a result the steep meridian is 
fitted with a somewhat flatter base 
curve radius than usual. A steeper 
base curve should be selected with 
increasing toricity. A common 
practice is to select a lens with the 
radius that roughly equals the 
midpoint <or perhaps as flat as 1/3 
steeper> of the steep and flat 
keratometer findings. This rule of 
thumb is designed to maintain a 
physiological cornea to lens 
relationship. Using the fluorescein 
evaluation the base curve which 
provides the best alignment over the 
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greatest area of the OZ is often 
selected. It should be remembered 
that the keratometer only measures the 
central 3 mm of the cornea and the 
toricity of the midperiphery of the 
cornea may be greater (especially in 
WTR toricity}.7 The resultant pattern 
shows a thickening TLT in the steep 
meridian and a thinning TLT in the 
flat meridian towards the edge of the 
optic zone. 
One of the greatest physiological 
concerns is the area of·bearing at the 
edge of the optic zone. If the forces 
holding the lens to the eye are 
supported in a thin zone on only the 
flat meridian, the chance of 
uncomplicated lens wear decreases. 
The IC may be flattened to widen the 
bearing zone in the flat meridian but 
this causes greater edge clearance in 
the steep meridian. If no acceptable 
spherical design can be selected an 
aspheric or back surface toric lens 
may improve the bearing relationship 
and provide an adequate lens. 
Generally, a spherical lens may be 
used with less than 2.50 D corneal 
toricity (sometimes up to 4.00 0), an 
aspheric back surface may be useful 
with up to 3.50, and a back surface 
toric lens can theoretically be 
designed for any degree of toricity 
greater than 2.50. Some practitioners 
regularly fit spherical lenses with 
apical clearance in all meridians to 
very highly toric corneas. 
The choice of lens design depends 
heavily on the fitting characteristics 
but must obviously also include visual 
factors. If the vision through the 
spherical lens is adequate but the fit 
seems inadequate, a spherical lens 
with toric peripheral curves may be 
sufficient to make the fit usable. 
Other options include a toric <back 
surface and/or front surface) lens, an 
aspheric back surface lens, and 
hydrogel toric lenses. There are many 
sources which can help the 
practitioner select an appropriate 
specialty lens for high degrees of 
toricity unmanageable with a spherical 
RGP.42,43 If at all possible, a 
spherical lens should be used. It 
takes considerable skill to design the 
perfect combination with a spherical 
lens, but if acceptable will be 
greatly appreciated by the patient's 
pocketbook. As a rule, always try a 
spherical diagnostic lens first, then 
try something else if it doesn't work 
out. 
When spherical lenses are used, 
there is a chance that several lenses 
will have similar patterns or a given 
lens will not accurately predict the 
shape of the tear lens when evaluated 
by the fluorescein evaluation. In 
Figure 17.1: OAD 8.8 BC 7.80 
(.75 D steep) 
Figure 17.2: OAD 8.8 BC 7.70 
(1.25 D steep) 
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such instances lens flexure, which 
causes the lens to more closely 
parallel the cornea (ie. thinner TLT>, 
may be a factor. Keratometry over the 
lens will reveal lens flexure. 
Generally, a 0.01 to 0.02 increase in 
center thickness is ordered, when 
compared to standard thicknesses, to 
reduce flexure. Flexure may be 
helpful, visually, in some instances 
<when corneal astigmatism is higher 
than original refractive cylinder> and 
should be evaluated before changes are 
made. 
The following pages represent 
corneas of moderate toricity and the 
use of spherical lenses on them. 
Patient pp [figure 17 series] 
Eye OS 
K's 42.50/44.50 @ 90 
Toricity 2.00 0 WTR 
Radius 
of 
Flattest K 7.94 mm. 
Figure 17.3: OAD 8.8 BC 7.60 
(1.75 D steep) 
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••••Patient PP <Cont.>•••• 
Figure 17.4: OAD 8.8 BC 7.90 
(.25 D steep) 
Figure 17.5: OAD 8.8 BC 8.00 
( .25 D flat) 
Figure 17.6: OAD 9.2 BC 7.85 
(.50 D steep) 
Figure 17.7: OAD 9.2 BC 7.95 
(on KJ f Note front surface 
fluorescein. 
Figure 17.8: OAD 9.2 BC 8.05 
(.50 D flat) f Note WTR pattern. 
Figure 17.9: OAD 9.2 BC 7.75 
(1.00 D steep) f Note non-wetting 
area. 
••••Patient PP CCont.>•••• 
Figure 17.10: OAD 9.2 BC 7.65 
(1.50 D steep) 
Figure 17.11: OAD 9.5 BC 7.90 
(.25 D steep) 
Figure 17.12: OAD 9.5 BC 8.00 
( .25 D flat) 
Figure 17.13: OAD 9.5 BC 8.10 
(. 87 D flat> 
Figure 17.14: OAD 9.5 BC 7.80 
(. 75 D steep> 
Figure 17.15: PEK OS 
Patient PP 
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Figure 18.1: OAD 9.5 BC 7.90 
(on K) f Note ATR pattern. 
Figure 18.2: OAD 9.5 BC 8.00 
(,50 D flat) 
Figure 18.3: OAD 9.5 BC 8.10 
(1.00 D flat) f Note non-wetting 
spots. 
29 
Patient PS (Figure 18 series] 
Eye OD 
K's 44.25/42.75@ 90 
Toricity 1.50 D ATR 
Radius 
of 
Flattest K 7.90 mm. 
••Note the effect of diameter as it 
relates to the lens of best fit 
(Figures 18.4, 18.8~ and 18.13.1 
Figure 18.4: OAD 9.5 BC 7.80 
(.50 D steep) f Note foreign body 
tracks. 
Figure 18.5: OAD 9.5 BC 7.70 
(1.00 D steep) 
••••Patient PS (Cont.>•••• 
Figure 18.6: OAD 9.2 BC 7.85 
(.25 D steep) 
Figure 18.7: OAD 9.2 BC 7.95 
(.25 D flat) 
Figure 18.8: OAD 9.2 BC 7.75 
(.75 D steep) 
Figure 18.9: OAD 9.2 BC 7.65 
(1.25 D steep) 
Figure 18.10: OAD 8.8 BC 8.00 
(.50 D flat) 
Figure 18.11: OAD 8.8 BC 7.90 
(on K> 
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••••Patient PS <Cont.>•••• 
Figure 18.12: OAD 8.8 BC 8.00 
(.50 D flat) 
Figure 18.13: OAD 8.8 BC 7.70 
(1.00 D steep) 
Figure 18.14: OAD 8.8 BC 7.60 
(1.50 D steep) 
Figure 18.15: PEK OD 
Patient PS 
31 
Figure 19.1: OAD 9.2 BC 7.20 
(.50 D steep) 
Figure 19.2: OAD 9.2 BC 7.30 
(. 25 D flat) 
Figure 19.3: OAD 9.2 BC 7.45 
(1.25 D flat) 
Patient LH [Figure 19 series] 
Eye OD 
IC's 48.25/46.50 @ 35 
Toricity 1.75 D Oblique 
Radius 
of 
Flattest I( 7.26 mm. 
Figure 19.4: OAD 8.8 BC 7.20 
(.50 D steep) 
Figure 19.5: OAD 8.8 BC 7.30 
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(.25 D flat) • Note oblique pattern & 
also mucus strand at 1 o'clock. 
••••Patient LH <Cont.>•••• 
Figure 19.6: OAD 8.8 BC 7.45 
(1.25 D flat) 
Figure 19.7: OAD 9.5 BC 7.20 
(.50 D steep> 
Figure 19.8: OAD 9.5 BC 7.30 
( .25 D flat) 
Figure 19.9: OAD 9.5 BC 7.40 
(.75Dflat) 
Figure 19.10: PEK OD 
Patient LH 
33 
Back Surface Toric Lenses 
A highly toric cornea with a back 
surface toric lens produces a 
fluorescein pattern similar to a less 
toric cornea. If the back surface 
perfectly matched the cornea, an 
alignment fit with a thin TLT would be 
expected over much of the optic zone. 
Toric back surface lenses are often 
not fitted to complete alignment but 
rather at least 0.75 D of toricity 
(and as much as 1/3 the total corneal 
astigmatism) is left uncorrected for 
the purpose of improved tear exchange 
and visual reasons. This is because 
the index of refraction of the lens is 
greater than that of the cornea, and 
therefore overcorrects the cylindrical 
component in most cases. There is 
usually increased comfort due to the 
improved distribution of pressure, 
better lens centration and often 
improved v1s1on. For most patients 
requiring a back surface toric lens, a 
spherical power effect CSPE> lens is 
all that is necessary.38,44 The 
remaining 5-10% will require some 
modification on the front surface 
(aspheric or toric) to correct the 
residual astigmatism. 
With SPE diagnostic lenses the 
fluorescein evaluation is similar to 
that done with a spherical lens. All 
the base curve to cornea 
considerations which were discussed in 
the spherical cornea section still 
hold true. In addition the amount of 
back surface toricity can be adjusted 
in arriving at a desired fit. If the 
initial diagnostic lens shows 
excessive clearance in the steep 
meridian the next highest SPE lens is 
selected. If only one set is used, 
order higher back surface toricity 
based on the fluorescein appearance. 
Too much back surface toricity causes 
a totally spherical or even a reversed 
toric pattern Cie. WTR cornea exhibits 
typical ATR pattern) . SPE diagnostic 
lenses are usually designed so that 
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both principle meridians flatten or 
steepen by equal amounts so that 
standard toricity is maintained within 
a series. If there is optimal 
correction of the toricity as seen 
from the fluorescein evaluation but an 
excessive TLT results, try the next 
flatter lens. If that lens is too 
flat, order a lens which has a radius 
between that of the two diagnostic 
lenses. 
Toric diagnostic lenses should be 
used whenever possible as the chance 
for success is greatest. Vision, 
flare, centering abilities, rotation 
and fluctuating vision cannot be 
evaluated without a diagnostic lens. 
To empirically design bitoric lenses, 
refer to sources which help calculate 
their design.45,46 
Back Surface Aspheric Lenses 
Back surface aspheric RGP lenses 
have increased in popularity recently 
due to a variety of reasons. The 
design caused some problems with tear 
exchange and edema with the PMMA 
material, which are mostly alleviated 
with higher flux RGP materials. 
Manufacturing hurdles have been 
overcome and for the most part are 
readily available in ready made as 
well as some custom parameters. They 
allow the practitioner to more closely 
parallel the shape of the cornea and 
spread out the area of bearing over 
more of the midperiphery. This is 
particularly useful with corneas that 
show a three point touch Cor bulls 
eye) type fluorescein pattern with the 
necessary OZD, those that are highly 
toric or that are otherwise difficult 
to fit. Their fluorescein patterns 
are different from what we have talked 
about until now and will be discussed 
in detail. 
An aspheric back surface lens may 
have aspheric peripheral curves and a 
spherical optic zone or both may be 
aspheric. Some manufacturers vary the 
degree of asphericity between the 
periphery and the optic zone. These 
are termed hi-aspheric lenses. The 
optic zone usually is of low 
asphericity while the periphery is 
higher. This shape parallels the 
central cornea quite well yet allows 
the periphery to not chaff the cornea 
during a blink. A 15 to 20 micron 
central TLT with areas of bearing 
beginning out at about 6 to 7 mm our 
recommendations for apical 
radius/cornea selection reported in 
recent literature. Edge clearance 
should be moderate (80 to 100 microns) 
for comfort as well as physiologic 
reasons. Variability exists between 
aspheric designs as to the ideal fit. 
Some lenses were designed so that when 
fitted aligned centrally they would 
also have adequate edge clearance on 
the average cornea while other designs 
recommend slight apical clearance or 
even slight apical touch to have an 
nidealn fit. 
Because the peripheral region of 
the posterior lens surface flattens 
more than a sphere, a lens with a 
given base curve (apical radius> shows 
less sagittal depth than its spherical 
counterpart. An aspheric lens is 
usually fitted up to 0.10 mm steeper 
than (flat> K in order to maintain the 
same sagittal depth of the spherical 
lens with the same base curve.6,47 
Some authors point out that the 
fluorescein pattern is quite different 
in that the tear layer is generally 
very minimal at the apex and gradually 
thickens out toward the periphery. 
This pattern looks dark centrally and 
gradually lightens at the periphery. 
Alignment is often difficult to 
assess. One study, using 11 
experienced practitioners, showed they 
were unable to correctly describe the 
apical fluorescein pattern of back 
surface aspheric lenses more than 65% 
of the time to within 0.05 mm.48 This 
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can be compared to a study in which 
90% of 75 beginning contact lens 
practitioners were able to 
discriminate 0.05 mm increments usLng 
spherical base curves based on the 
fluorescein evaluation.49 On average, 
with aspheric lenses, the patterns 
were read as more aligned than they 
actually were. Part of the reason is 
that with the aspheric lens an overall 
reduced tear volume is achieved under 
the lens giving a darker overall 
appearance to the pattern. These 
lenses do not have a distinguishable 
junction between curves and appear as 
gradual featureless patterns. An 
apical touch central pattern with a 
spherical lens is obvious centrally as 
well as with peripheral clues. These 
clues are somewhat leas obvious and 
provide for confusion with aspheric 
lenses. A dark pattern which covers 
the entire optic zone is considered 
near alignment, while a dark central 
pattern which is smaller than the 
optic zone may be considered an apical 
touch fit and the next longer apical 
radius should be chosen if alignment 
is desired. If pooling of fluorescein 
is visible under the central portion 
of the lens it is considered an apical 
clearance fit and the next shorter 
apical radius is needed if alignment 
is desired. Researchers for the B&L 
Quantum aspheric as well as those for 
the Boston Envision hi-aspheric design 
conclude that not only are aspheric 
lenses fitted in 0.05 mm extremely 
difficult to differentiate based on 
the fluorescein evaluation but they 
are also nearly indistinguishable as 
far as successful outcomes are 
concerned from fitting in 0.1 mm 
steps.5° 
Some sources recommend starting 
with the flattest K reading and 
looking for a lid attached fit with a 
slightly superior position and an even 
tear distribution from edge to edge 
based on the fluorescein evaluation. 
A lens with flat K value for apical 
radius represents a lens at least 0.50 
D steep from what would usually be 
fitted in a spherical base curve with 
9.60 mm OAD. One researcher has even 
advised just getting the lens under 
the lid, achieve a proper edge fit and 
then forget the fluorescein pattern 
entirely, since the lens design he 
advocated was so "forgiving• it wasn't 
really going to influence outcome 
anyway.51 Consult the manufacturer's 
literature to understand their fitting 
philosophy when beginning to use 
aspherics to make an easier 
transition. 
The midperipheral and peripheral 
lens to cornea relationship are not 
independent variables as they can be 
with spherical lenses. To decrease 
the edge clearance of an aspheric lens 
the apical radius must be shortened or 
the overall diameter must be reduced 
(or both).52 It cannot be specified 
independently. The eccentricity value 
is usually held constant. Changes in 
diameter do not necessitate an apical 
radius adjustment for most lenses of 
average (8.5 to 10.5) diameter. 
Figure 20.1: OAD 9.2 BC 8.10 
(on K> 
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Therefore, another advantage is that 
there are fewer choices and a 
streamlined fitting procedure is 
reportedly achieved with the maximum 
benefit for the inexperienced 
practitioner. One manufacturer 
recommends avoiding lenses which have 
greater than 180° of midperipheral 
bearing as it has been associated with 
seal-off and an uncomfortable suction 
action on the cornea during and 
immediately following the blink.53 
The use of aspherics with toric 
corneas results from the observation 
that the areas supporting the forces 
to the cornea are smoother and larger 
than with traditional spherical 
lenses. There should be a concomitant 
improvement in comfort and the patient 
can get away with a less expensive 
toric correction. 
The following pages represent 
corneas with moderate to high toricity 
and show the principles discussed for 
toric corneas and allow a comparison 
of spherical, back toric and back 
aspheric lenses. 
Patient AB [Figure 20 series] 
Eye OS 
K's 41.50/45.00 0 85 
Toricity 3.50 D WTR 
Radius 
of 
Flattest K 8.13 mm. 
••••Patient AB (Cont.>•••• 
Figure 20.2: OAD 9.2 BC 7.90 
(1.25 D steep) 
Figure 20.3: OAD 9.2 BC 7.85 
(1.50 D steep) 
Figure 20.4: OAD 9.2 BC 7.70 
(2.25 D steep) f Note double D pattern 
with steep fit. 
Figure 20.5: OAD 9.5 BC 8.00 
(. 75 D steep) 
Figure 20.6: OAD 9.6 BC 7.70 
(2.25 D steep) aspheric 
Figure 20.7: OAD 9.6 BC 7.80 
(1.75 D steep) aspheric 
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••••Patient AB <Cont.>•••• 
Figure 20.8: OAD 9.6 BC 7.90 
(1.25 D steep) aspheric 
Figure 20.9: OAD 9.6 BC 8.00 
(.75 D steep) aspheric 
Figure 20.10: OAD 9.6 BC 8.10 
(on KJ aspheric 
Figure 20.11: OAD 9.6 BC 8.20 
(.25 D flat) aspheric • Note flat 
temporal quadrant. 
Figure 20.12: OAD 9.0 BC 8.04/7.67 
Bitoric 
Figure 20.13: OAD 9.0 BC 7.94/7.58 
Bitoric 
Figure 21.1: OAD 9.2 BC 7.70 
(. 75 D steep) 
Figure 21.2: OAD 9.2 BC 7.60 
(1.50 D steep) 
Figure 21.3: OAD 9.2 BC 7.55 
(1.75 D steep) #Note oval pooling. 
Patient BW [Figure 21 series] 
Eye OS 
K's 43.00/45.00 @ 058 
Toricity 2.00 D Oblique 
Radius 
of 
Flattest K 7.85 mm. 
Figure 21.4: OAD 9.2 BC 7.85 
(on KJ # Note oval touch. 
Figure 21.5: OAD 9.2 BC 7.95 
(.50 D flat) 
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••••Patient BW <Cont.>•••• 
Figure 21.6: OAD 8.8 BC 7.55 
(1. 75 D steep) 
Figure 21.7: OAD 8.8 BC 7.65 
(1.00 D steep) 
Figure 21.8: OAD 8.8 BC 7.75 
(.50 D steep) 
Figure 21.9: OAD 8.8 BC 7.80 
(.25 D steep) 
Figure 21.10: OAD 8.8 BC 7.90 
( .25 D flat) 
Figure 21.11: OAD 9.5 BC 7.80 
(.25 D steep) 
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••••Patient BW <Cont.>•••• 
Figure 21.12: OAD 9.5 BC 7.90 
< .25 D flat) 
Figure 21.13: OAD 9.5 BC 8.00 
(.75Dflat) 
Figure 21.14: OAD 9.5 BC 7.70 
(. 75 D steep) 
Figure 21.15: OAD 9.5 BC 7.60 
(1.50 D steep) 
Figure 21.16: OAD 9.6 BC 7.90 
(.25 D flat) aspheric 
Figure 21.17: OAD 9.6 BC 7.80 
<.25 D steep) aspheric 
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••••Patient BW <Cont.>•••• 
Figure 21.18: OAD 9.6 BC 7.70 
(.75 D steep) aspheric 
Figure 21.19: OAD 9.6 BC 7.60 
(1.50 D steep) aspheric 
Figure 22.20: OAD 9.6 BC 7 . 50 
(2.00 D steep) aspheric 
Figure 22.21: OAD 9.6 BC 7.40 
(2.50 D steep) aspheric f Great 
example of constant relationship 
between central & edge pattern. 
Figure 22.1: OAD 9.2 BC 8.05 
(.SO D flat> 
Figure 22.2: OAD 9.2 BC 7.95 
(on KJ f Note idiopathic, 
nonsymptomatic corneal staining. 
Figure 22.3: OAD 9.2 BC 7.85 
(.50 D steep> 
Patient DP [Figure 22 series] 
Eye OS 
K's 42.50/45.00 @ 070 
Toricity 2.50 D WTR 
Radius 
of 
Flattest K 7.94 mm. 
Figure 22.4: OAD 9.2 BC 7.75 
<1.00 D steep) 
Figure 22.5: OAD 9.2 BC 7.65 
( 1. 75 D steep) 
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••••Patient DP ~Cont.>•••• 
Figure 22.6: OAD 9.6 BC 8.10 
<1.00 D flat) aspheric 
Figure 22.7: OAD 9.6 BC 8.00 
(.25 D flat) aspheric 
Figure 22.8: OAD 9.6 BC 7.90 
(.25 D steep) aspheric 
Figure 22.9: OAD 9.6 BC 7 . 80 
(.75 D steep> aspheric 
Figure 22.10: OAD 9.6 BC 7.70 
(1.25 D steep) aspheric 
Figure 22.11: OAD 9.6 BC 7.60 
(1.87 D steep) aspheric 
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••••Patient DP <Cont.>•••• 
Figure 22.12: OAD 9.0 BC 8.04/7.67 
Bitoric 
Figure 22.13: OAD 9.0 BC 7.94/7.58 
Bitoric 
Figure 22.14: OAD 9.0 BC 7.85/7.50 
Bitoric w/o Wratten Filter 
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Extended Wear RGP 
Successful extended RGP wear is 
not a mere function of the use of 
higher Dk materials.3 It also 
requires the best RGP l ens designs. 
Many of the long term effects of RGP 
extended wear on ocular physiology are 
not yet known. A daily wear lens that 
has been well designed for a patient 
may also be the design of choice for 
extended wear but that is not 
necessarily the case. Fluorescein 
evaluation of an extended wear patient 
consists of assessing the lens/cornea 
fitting relationship and assessing any 
c ompromise to the epithelium. 
Most practitioners tend to fit 
extended wear patients in larger 
diameter lenses. This tendency is 
based partially in the desire to 
thicken the more flexure prone high Dk 
lenses. The large diameter is used to 
keep the center of gravity from moving 
too far forward causing a lens that 
decenters downward. The result can be 
a lens with less flare and more stable 
position. 
The fit is assessed similarly to 
that in daily wear patients with the 
exception that there is less tolerance 
for a bad fit with extended wear. 
Provide for adequate tear exchange by 
eliminating heavy midperipheral 
bearing. The more s pherical the 
cornea the greater the likelihood of 
tear stagnation unless bearing forces 
are distributed evenly throughout the 
lens. Most sources recommend an 
apical aligned to slightly apical 
clearance fit when selecting BC/cornea 
relationships. Long-term study of 
these designs on corneal topography 
should be evaluated to learn if these 
designs are indeed ideal. 
Another parameter which may vary 
somewhat from daily wear RGP wear is 
that moderate edge clearances and 
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widths must be used. This mean 
clearance from 100 to 150 microns as 
compared to 80 to 120 for daily wear. 
This can be accomplished by flattening 
the radius of the peripheral curve by 
0.25-0.50 D.S4 An edge shape by which 
the lid can easily control the lens by 
is probably desirable to get the lens 
moving again as soon as possible after 
awakening. A bound lens produces no 
symptoms usually and can be expected 
to occur in 80 to 100 percent of 
patients at some time.55,56 Some 
studies have reported very low 
incidences of lens binding and 
probably has to do with the time of 
day the research patients were seen 
and their definition of lens 
binding.S7 It is generally considered 
a favorable sign if no signs of a 
bound lens are visible two hours after 
awakening. This does not mean, 
however, that the patient's lenses are 
not binding during sleep. Signs of a 
previously bound lens include an 
indentation in the cornea which pools 
fluorescein, arcuate staining pattern 
and distorted keratometry <or 
photokeratoscopy> findings. These 
signs often disappear within one hour 
after the lens regains mobility.58 It 
has been reported that binding occurs 
with all fitting philosophies. Some 
studies report that large lenses (~9.5 
OAD), lenses with less than 150 
microns AEL <120-135 microns edge 
clearance), and flat fitting central 
relationship <~0.25 D steeper than 
mean K value) significantly reduce the 
likelihood of bound lens.59 
RECORDING THE FLUORESCEIN PATTERN 
Once performed, the findings of 
the fluorescein evaluation should be 
recorded, especially if the fit is out 
of the ordinary. It can be done as a 
comparison o~ the base curve radius to 
that of the cornea (0.05 mm flat or on 
K>. Other methods include determining 
the tear layer thicknesses at the 3 
lens zones, computer analysis of post-
lens tear layer or photography. With 
the vast majority of patients in a 
practice where the same doctor will 
see the patient year after year, this 
is not as critical. But if there is a 
turnover of doctors or if fitting a 
difficult cornea, performing 
orthokeratology or if fitting 
pediatric, post surgical or 
keratoconic patients lenses, all 
fittings should be accompanied by a 
fairly descriptive recording method in 
the patient's record. 
CONCLUSION 
It is estimated that RGP contact 
lenses will be with us for a long time 
and that the number of practitioners 
who understand how to fit them well 
will only decrease with time. One 
author estimates the year 2007 to be 
the end of the 50 year contact lens 
cycle which in his opinion will be 
characterized by mainstreaming of 
contact lens fitting to the point that 
most practitioners could do a fair job 
of fitting but few experts will 
remain.60 
While research into designs <such 
as back surface aspherics> which can 
simplify and make more cost effective 
the fitting process continues, 
research evaluating the best possible 
design/material combinations should 
also continue. Computer topography 
and computer aided contact lens design 
will probably play a more visible role 
in diagnostic lens selection. And 
finally, research into other usable 
diagnostic dyes may reveal a dye 
<perhaps similar to sulforhodamine 
B)61 which overcomes some of the 
limitations of sodium fluorescein. 
The fluorescein evaluation can be 
used to effectively fit RGP lenses and 
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with experience can be correlated with 
factors such as lens centration, 
movement, comfort, overrefraction, 
physiological responses among others. 
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APPENDIX A 
Summary of Lenses Used 
Spherical Bitoric Aspheric 
9.5 OAD 9.2 OAD 8.8 OAD 9.0 OAD 9.6 OAD 
BC 8.10 BC 8.10 BC 8.00 BC 8.04/7.67 BC 7.50 
8.05 8.05 7.95 7. 94/7.58 7.70 
8.00 7.95 7.90 7.90 
7.95 7.90 7.85 7.80 
7.90 7.85 7.80 7.60 
7.85 7.80 7.75 7.40 
7.80 7.75 7.70 8.10 
7.75 7.70 7.65 8.00 
7.70 7.65 7.60 8.20 
7.65 7.60 7.55 
7.60 7.55 7.50 
7.55 7.50 7.45 
7.40 7.45 7.30 
7.30 7.30 7.20 
7.20 7.20 
